WHAT'S GOING ON?
A spin 1/2 object cannot have a quadrupole deformation! (Unless it is deformed in the sense of the transition nuclei, described by Bohr and Mottelson.* In this case there will be rotational bands and large electromagnetic transition rates, not seen.)
Talking about such things could make the lab look foolish, or we could waste our time arguing about what we mean. It matters (confusion and ethics).
Can the data be explained using standard physics?
To remove the danger of making a mistake about shapes, we MUST be sure rotational invariance is treated exactly.
(The light-front formalism does not.) Field dynamics has a connection to field theory
The Bethe-Salpeter amplitude is a well defined field theoretic matrix element:
The covariant spectator amplitude is also a well defined field theoretic amplitude:
Equations for the Bethe-Salpeter and the covariant spectator* amplitudes can be derived from field theory
• Both are manifestly covariant under all Poincaré transformations • Both incorporate negative energy (antiparticle) states
The nucleon consists of 3 constituent quarks (CQ) with a size, mass, and form factor given by the dressing of the quark in the sea of gluons andpairs.
Using the spectator theory, the nucleon is described by a 3-CQ vertex function with two of the CQ on shell Confinement insures that this vertex function is zero when all three quarks are on shell (i.e. there is no 3q scattering)
The nucleon wave function (2) Spin-isospin structure of the NR nucleon wave function
• Fermion antisymmetry comes from the color factor • Assume a simple, fully symmetric S state spatial wave function • Then spin-flavor wave function is fully symmetric • In nonrelativistic theory, the proton wave function is
hence, suppressing the 1,2,3 quark labels
The nucleon wave function (3) Spin-isospin structure of the NR nucleon wave function (cont'd)
• introduce a matematically compact form
Relativistic wave function, including spin-flavor structure when P = 0, this reduces to the nonrelativistic form Relativistic impulse approximation for the form factors (1)
In the spectator theory, the photon couples to the off-shell quark, and because of the symmetry, the coupling to all three quarks is 3 times the coupling to one
approximate the two spectator quarks by a single diquark with a fixed mass
quark currents with form factors integrate over the (on-shell) spectator three momentum sum over the vector diquark, using
Relativistic Impulse Approximation for the form factors (2) Do the Dirac and isospin algebra to get
where all variables are dimensionless
and the wave functions are ψ 00 P ± , p s
Why this factor?
Franz Gross -JLab/W&M Normalization and shape
Franz Gross -JLab/W&M To find the shape and normalization, compute
Hence,
Quark form factors include vector dominance and a pion cloud
Franz Gross -JLab/W&M
The quark currents are
with 4 form factors:
here + is isoscalar, and − is isovector, and
( ) the quark form factors have 9 parameters: 
Results: Overview
The form factors data is fit with 11 parameters:
• 1 asympotic value of the f 1 quark form factors, λ • 2 nucleon wave function parameters β 1 and β 2 • 2 quark anomalous moments µ u and µ d • 2 pion cloud parameters, the strength λ π , and its range, Λ π • 4 vector monopole dominance scales for the four quark form factors, Λ i±
The the model automatically normalizes G Ep (0) = 1 and G En (0) = 0, by adjusting the normalization constant (not a parameter) N 0
The 2 quark anomalous moments are determined exactly from the nucleon anomalous moments
The other 9 parameters are determined my minimizing χ 2 . The quark form factors
The magnetic form factors 
G En
The fits to the charge from factors are both excellent.
Prediction: G Ep will change sign at Q 2~ 8 GeV 2
The F2/F1 puzzle for the proton QF 2p /F 1p is indeed flat, but this is an accident; The asymptotic value will not be reached until Q 2~ 100 GeV 2 . 
